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Abstract 

Murine dendritic cells (DC) can be classified inio at least two subsets, "myeloid-relaied" 
(CD lib 1 "" 5 " 1 , CDSa) and "lymphoid-rclatcd" (CDI lb du ". CD8a + ), but the absolute, 
relationship between the two remains unclear. Methods to generate DC from bone 
marrow (BM) precursors in vitro typically employ GM-CSF as the principal growth 
factor, and the resultant DC exhibit a myeloid-like phenotype. Here we describe a FU3- 
ligand (FL)-depcndent BM culture system that generated DC with more diverse 
phenotypic characteristics. Murine BM cells cultured at high density in recombinant 
human FL for 9 days developed into small, lymphoid-sized cells, most of which 
expressed CDllc, CD86, and MHC Class II. The CDllc* population could be divided 
into two populations based on the level of expression of CDI lb, which may represent the 
putative myeloid- and lymphoid-related subsets. The FL in vitro-derived DC, when 
treated with interferon-a (IFNa) or lipopolysaccharide (LPS) during the final 24 hours of 
culture, expressed an activated phenotype that included upregulation of MHC Class II, 
CDld, CD8a, CD80, CD86, and CD40. The FL-derived DC also exhibited potent antigen 
processing and presenting capacity. Neutralizing anti-interleukin-6 (IL-6) antibody, but 
not anti-GM-CSF, significantly reduced the number of DC generated in vitro with FL, 
suggesting that IL-6 has a role in the development of DC from BM precursors. Stem cell 
factor (SCF), which exhibits some of the same bioactivities as FL, was unable to replace 
FL to promote DC development in vitro. This culture system will facilitate detailed 
analysis of murine DC development. 

Key words: Flt3 ligandi dendritic cellsi interleukin-6i IFNai antigen presentation. 
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Introduclion 

DC capture unci process antigens for presentation to naive T cells and B cells. 1 Although 
they are relatively rare. DC are round in a broad range of lymphoid and non-lymphoid 
tissues and are considered to be essential for the rapid, efficient initiation of an immune 
response. DC are considered to arise from either myeloid-committed or lymphoid- 
commilted progenitors 2 ; however, the specific stages of development within these 
lineages are poorly defined, largely due to a lack of understanding of which growth 
factors regulate this process. More recent studies have demonstrated that at least two 
cytokines, Flt3 ligand (FL) and GM-CSF, induce DC expansion in vivo. M Administration 
of FL to mice results in large increases in vivo of two populations of DC, which appear to 
represent myeloid- and lymphoid-related subsets in normal lymphoid tissues. 3 In contrast, 
GM-CSF administration favors in vivo expansion of only the myeloid-related subset. 4 
Studies in gene knockout (KO) mice support the notion that these cytokines play, different 
roles in normal DC development. FL-deficient mice have reduced numbers of lymphoid 
tissue DC. 7 In contrast, mice lacking GM-CSF have normal numbers of DC in lymphoid 
tissues 8 , but are functionally deficient at initiating B cell and T cell responses. 910 

The role of cytokines in DC development from hematopoietic precursors may be more 
easily examined using in vitro culture systems. Inaba et al have shown that murine BM 
cells cultured in GM-CSF for 6-8 days generate large numbers of mature DC." These 
GM-CSF-derived DC can be further activated and enriched by including IL-4. 1213 DC 
derived in GM-CSF plus IL-4 express cell surface antigens typically associated with DC, 
including DEC205, MHC Class II, CD80 and CD86, and demonstrate potent 
allostimulatory activity. 13 Based upon their expression of myeloid cell surface antigens 
such as CDllb, 33D1, and F4/80, as well as the lack of CD8ct expression, these GM- 
CSF-derived cells are considered to be the progeny of cells of the myeloid lineage. 
Lymphoid-related DC can be generated by culturing thymus-derived, CD4 ,ow precursors 
in a cytokine combination that includes SCF, IL-1, tumor-necrosis factor-a (TNFa), IL-3, 
and IL-7, but not GM-CSF. U These DC express variable levels of CDllb, and high 
levels of MHC Class II, as well as CD80 and CD86, but fail to express CD8cc, normally 
found on a subset of DC from lymphoid tissues of mice. 15 

Here we describe a novel method to generate large numbers of DC in vitro from BM cells 
cultured in FL alone. Upon activation with LPS or IFNa, these FL-derived DC share 
morphological characteristics and phenotypic cell surface antigens found on normal 
lymphoid tissue-derived DC subsets. This culture system will allow us to investigate 
endogenous factors that contribute to DC development in the mouse, and to compare 
directly the effects of exogenous cytokines on DC development and differentiation. 
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Materials and Methods 

Mice. Female BALB/e, DBA/2 and C57BL/6 mice (8-12 weeks of as?c) were obtained 
from Taconic (Germantown, NY). The DO 1 1. 10 mice were a kind gift from Dr. Mark 
Jenkins (University of Minnesota). The C57BL/6 IL-6 gene KO and control mice were 
purchased from The Jackson Laboratory (Bar Harbor, MA). All mice were housed under 
specific pathogen-free conditions. 

Cell preparations. BM cells were isolated by flushing femurs with 2 ml phosphate 
buffered saline (PBS) supplemented with 2% heat-inactivated fetal bovine scrum (FBS) 
(Gibco BRL Life Technologies, Grand Island, NY). The BM cells were centrifuged once, 
then resuspended in tris-ammomum chloride at 37»C for 2 minutes to lyse red blood cells.' 
The cells were centrifuged again, then resuspended in culture medium (CM) consisting of 
McCoy's medium supplemented with essential and non-essential amino acids 1 mM 
sodium pyruvate, 2.5 mM HEPES buffer pH 7.4, vitamins. 5.5xlO" 5 M 2-mercaptoethanol 
(2-ME), 100 units/ml pennicillin, 100 mg/ml streptomycin, 0.3 mg/ml L-glutamine 
(PSG), and 10% FBS (all media reagents from Gibco). 

DC cultures. BM cells were cultured in CM containing 200 ng/ml recombinant human FL 
(Immunex) for 9 days at 1x107ml, in six-well plates (Costar Corning, Cambridge, MA) 
unless otherwise noted. Cultures were incubated at 37"C in a humidified atmosphere 
containing 5% CO, in air. DC were harvested from the cultures by vigorously pipetting 
and removing non-adherent cells, then washing each well 2 times with room temperature 
phosphate-buffered saline (PBS) without Ca** or Mg* + to remove loosely adherent cells, 
which were pooled with the non-adherent fraction. 

DC were also generated in GM-CSF plus IL-4-supplemented BM cultures as described. 16 
Briefly, BM was processed as described above including lysis of red blood cells. BM 
cells were cultured at 4x1 07ml in CM containing 20 ng/ml murine GM-CSF (Immunex) 
and 20 ng/ml murine IL-4 (Immunex), in 6-well plates. On days 3 and 5 of culture, plates 
were swirled gently before removing 2/3 of the conditioned medium with the non- 
adherent cells. Fresh GM-CSF and IL-4-containing medium was added back to the 
cultures. These cultures were harvested for the non-adherent fraction after vigorous 
pipetting of DC clusters on day 7, and consisted of DC and monocytes. 

Activation of the DC from FL-supplemented cultures was accomplished by the addition 
of 10 ng/ml recombinant murine GM-CSF, 1000 units/ml human IFNa A/D (Genzyme, 
Cambridge, MA), or 1 mg/ml E. coli (0217:B8)-derived lipopolysaccaride (LPS) (Difco, 
Detroit, MI) during the final 24 hours of culcure unless otherwise noted. 

To distinguish between the presence of soluble factors or membrane-bound factors 
produced by the BM cells, 6-well transwell plates (0.4 urn filter; Costar) were used. 
Various concentrations of feeder cells (whole BM) were added to the upper chamber, and 
the lower chamber contained 6x10' BM cells at 2xl0 5 /ml (low cell density BM). The DC 
were harvested from the lower chamber after 9 days of culture. In some experiments, FL 
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was excluded or replaced w ilh 100 ng/ml s.em cell factor (SCF [Immuncxl. also known 
as c-kit ligand). 

Cultures for cytokine neutralization studies were established as above, and neutralizing 
ant.bod.es were included at the initiation of culture. Rat anti-munne IL-6 monoclonal 
ant.body (mAb) (MP5-20F3) (Pharmingcn, San Diego, CA) and the rat I«G, tsotype 
control (Immunex) were used at 1 mg/ml. Rabbit anti-murine GM-CSF polyclonal 
antiserum (Immunex) was used at a dilution of 1:400, which was sufficient to neutralize 
10 ng/ml of recombinant murine GM-CSF (data not shown). 

Splenic-derived DC. Adult BALB/c or C57/BL/6 female mice were administered 10 mg 
FUdaily for 10 days in endotox in-free PBS (Gibco) via intraperitoneal injections 3 
Iwenty-four hours after the last injection, the spleens were harvested and the DC 
enr.ched as previously described. 17 Briefly, spleens were digested with 100 units/ml 
co lagenase (Worthington Biochemical Corp., Freehold, NJ), in Hanks' buffered salt 
solution (HBSS, Gibco) with Ca~ and Mg~ and 1% FBS for 30 minutes at 37°C The 
spleens were minced and large debris filtered out before washing the single cell 
suspension in HBSS without Ca~ and Mg ++ and 10 mM EDTA. For functional assays 
(MLR and stimulation of OVA-specific T cells) DC were enriched by running over a 
Nycodenz discontinuous gradient. Cells within the interface were collected and washed 
twice before using in antigen presenting cells (APC) function assays. There were less 
than 1% contaminating T cells or B cells from the DC-enriched interface. 

Cytologic assays. Harvested cells were centrifuged at room temperature onto slides at 
30-40,000 cells/slide. Slides were air dried and stained with LeukoStat (Fisher 
Diagnostics, Pittsburgh, PA) for morphological analysis. Phase-contrast observations of 
cultures were made using an inverted microscope (Nikon) at 400x magnification. 

Flow cytometric analysis. DC from harvested cultures were centrifuged once and 
rcsuspended in cell staining medium (SM) consisting of PBS supplemented with 2% 
heat-inactivated calf serum (Gibco), 2% heat-inactivated mouse serum (Biocell, Rancho 
Dominguez, CA), 10 mg/ml 2.4G2 anti-Fc receptor mAb (ATCC, Rockville, MD) and 
0.02% sodium azide (Sigma, St. Louis, MO). Cells were blocked with SM at4°C for 20 
minutes before incubation with mAbs. Cells were incubated with directly conjugated 
mAbs for 25 minutes at 4"C at 3-5x10' cells per sample in a 50 ml volume. All mAbs 
were purchased from Pharmingen, except where noted. The following mAb (clone name) 
were used: CDld (1B1), CD8a (53-6.7), CDllb (Ml/70), CDllc (HL3), CD14(rmC5- 
3), CD25 (7D4), CD40 (HM40-3), CD80 (16-10A1), CD86 (GL-1) IA b (AF6-120 1) 
Gr-1 (RB6-8C5), Ly6C (AL-21), Ly6A/E (also known as Sca-I) (D7), and c-kit 
(ACK45). Phycoerytherin-conjugated F4/80 (CLA3-1) mAb w as purchased from Caltag 
Laboratories (Burlingame, CA). Biotinylated 33D1 (ATCC) and DEC205 (NLDC145; 
Accurate Chemical and Scientific Corp., Westbury, NY) binding were detected with 
streptavidin-Phycoerycherin (Molecular Probes, Eugene, OR). Propidium iodide, 
(Boehringer Mannheim, Indianopolis, IN) at 2 mg/ml was added to exclude dead cells 
from analysis. Ten thousand events per sample were collected. Flow cytometric analysis 
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CF m V" U h D ACSCu,ibl,r (Bcclon-Dickinson. Mountain View. CA) usin* 

CtLLQucsi so ivvarc (Bec.on-Dickinson). Gales were determined usin* app " tc 

•soiypc controls. Results arc given as percent positive minus ba Sro nd Z 

appropriate isotype controls. s 111 

Gweiw,™ of DC /ran, sorted progenitor cells. BM cells from adult female C57BL/6 
m.ce were processed as above, but ^suspended in SM after lysis of RBCs Depletion of 

CDUb P CDT2 V ^TtK™° mPllShed ^ it,CUbating Ce,,S With o 
CD1 lb. CD 22 (TMbI). B220 (RA3-6B2), Gr-I, NKl.J (PK136), TER-1 19, and F4/S0 

for 25 minutes at 4»C. All antibodies were from Pharmingen, except F4/80 w hl ch was 
purchased from Caltag Laboratories . Labekd BM ^ W£r£ washecJ P then 

sneep-anti-rat IgG conjugated magnetic beads (Dynal Inc.) per instructions. Non-adherent 

SpiTn C lu Ct ^ ^ WaShCd ' thCn SCained Wkh Phycoerythrin-labeled anti-flO 
<nn !i ^ L an<J P °° Ied FITC " Iabeled mAb to lineage markers (Pharmingen): CD3e 
(500A2), CD1 lb, CD1 1c, B220, Gr-1, and Ly6c, for 25 minutes at 4°C The flt3+ lineage 
negat.ve population was sorted on the FACs Vantage (Beclion-Dickinson). Collected cells 
were cu tured in a 200 ml volume/well at high density (approximately 2.5x10* cells/ml) 
in U-wel 96-well plates (Costar). Media consisted of CM supplemented with 200 ng/ml 
PL and 10% conditioned medium from cultured spleen cells. Spleen cell-conditioned 
™£ /V° UrCe ^-promoting accivit y' 8 > ™* prepared by mincing spleens from adult 
C57BL/6 mice ,n PBS, p.petting vigorously to break up clumps, then washing and 
resuspendmg cells m CM. Spleen cells were then cultured at 3xl0 6 /ml in T-75 flasks 
(Costar) for 10-14 days before collecting the conditioned media. After culturing sorted 
progenitor cells for 2 days, each well was transferred to another well in a 24-well plate 
(Costar) containing FL and 10% conditioned media from spleen cells as above Cultures 
were stimulated with 1 mg/ml E. coli-derived LPS on day 8, and harvested for cell counts 
ana rJow-cytometnc analysis on day 9. 

Mixed lymphocyte reaction (MLR) assay. DC were generated as described above 
Briefly, BM cells from C57BL/6 mice were cultured for 9 days in media containing FL 
alone or in cultures containing FL for 9 days to which LPS or IFNa was added during the 
final 24 hours of culture, or in cultures containing GM-CSF plus IL-4 for 7 days 
Additionally, DC were enriched from the spleens of mice treated with FL for 10 days T 
cells were enriched from spleen and peripheral lymph nodes (LN) of DBA/2 mice by 
depletion of non-T cells with mAbs against B220 and CD lib, then removal of mAb- 
coated ce Is with sheep-anti-rat IgG conjugated magnetic beads (Dynal). DBA/2 T cells at 
1x10 s cells/well were seeded into U-well 96-well plates (Costar) and cultured with 
varying numbers of allogeneic C57BL/6-derived DC in 200 ml/well CM Cultures were 
maintained for 5 days in CM at 37°C in a humidified atmosphere containing 5% CO, in 
air. Alamar blue (Biosource, Camarillo, CA) at 20 ml per well was added during the final 
24 hours of culture." The optical density of the assay plates were read at a wavelength of 
5/0nm-600nm on a Molecular Devices plate reader (Sunnyvale, CA) using SoftMax 
software (Molecular Devices). 

Preparation and purification of antigen-specific CD4 T cells. CD4 + T cells recognizing a 
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pept.de ol chicken ovalbumin (OVA) in the context nf |A J were isolated from the spleens 
and peripheral LN of OQ 1 I K) TCR transgenic BALB/c mice.-"' Single cell suspensions 
were tneubated (or 30 minutes al 4"C with anii-CDSa (53-6.7). Ml IC Class II (IA l1 A MS 
32.1). and B220 (RA3-6B2) (Pharmingen). CD4* T cells were enriched by depleting 
mAb-eoated cells with sheep-anli-rat IgG conjugated magnetic beads (Dynal). & 

Antigen presentation assay. OVA presentation assays were performed in 96-weII U-weJl 
plates (Costar). Naive D01I.1 1 OVA-specific CD4 + T cells at lxlOVwell were incubated 
with either a constant number of DC (2xl0 4 cells) per well and Titrated OVA protein 
(Calbiochem, San Diego, CA), or in a constant amount of OVA protein (300 mg/ml) with 
varying numbers of DC per well. DC were generated as described above. Briefly BM 
cells from female BALB/c mice were cultured for 9 days in media containing FL alone 
or in cultures containing FL for 9 days to which LPS or IFNa was added during the final' 
8 hours of culture, or in cultures containing GM-CSF plus IL-4 for 7 days. Additionally, 
DC were enriched from the spleens of mice treated with FL for 10 days. Cells were 
cultured in 200 ml/well modified DMEM medium containing 10% FBS, 2-ME, and PSG, 
at 37°C in a humidified atmosphere containing 10% CO; in air. Cells were cultured for 5 
days, then pulsed with 0.5 mCi 'H-thymidine for 8 hours, and the cells were then 
harvested onto glass fiber sheets for counting in a gas-phase beta counter. 

In vitro JL-12 production assay. Myeloid- and lymphoid-type DC from FL-suppIemented 
BALB/c BM cultures were sorted and separated by their expression of CDllb and 
CDllc as shown in figure 7B using the EPICS ELITE (Beckman Coulter, Brea, CA ). 
Sorted cells were cultured in CM supplemented with 20 ng/mi GM-CSF (Immunex) 
20/ng/ml IFNg (PBL, New Brunswick, NJ), and 50 ug/ml Pansorbin (Calbiochem, San 
Diego, CA) at 1x10* cells/ml for 40 hours. Culture supernatants were assayed for murine 
IL-12 p70 using an ELISA Quantikine kit (R and D systems, Minneapolis, MN). Limit of 
detection was 8 pg/rnl. 

Statistical Analysis Statistical analyses were performed using the unpaired two-tailed 
Student's /-test. 
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Results 



^'T "J™"** OCJron, FL-su^u-ntcc! HM cn/n.res. It has previously been 
reported that the administration of PL to .nice generates large numbers or DC in vivo" 
We were mtcrcsted ,n determining whether culture conditions could be cs.abl hed m 
wh.ch FL, as a single factor, could induce DC development in vilro. Murine BM cells 
were cultured at high density (IxlO'/ml), in the presence of 100 ng/ml FL After 9 days 
cu lures contained .small lymphoid-sized cells that grew in cl^ters tsoc a ted w[th 
adherent rnacrophage-like cells (Fig !). Cells derived from the FL-supplemen d cuku 

, C R D86 ' % 11 Gr " ] (Flg 2) - H ° WeVer ' leSS lh * n 1% were Positive fo 

CD19 (B cells), CD3e (T cells), NK1.1 (NK cells) or TER-119 (erythroid cells) based 
upon flow cytometric analysis (data not shown). The absence of lineage-specific cell- 
surface anugens for T, B. NK, and erythroid cells, and expression of GDI 1c and 33D1 a, 

r mm a > 7 ,r V f ? USS 11 CD86 WCre SUggEStlVe ° f immature DC-lineage 

committed cells. Two populations of DC defined by CDUb expression were detected 

One population expressed high levels of CD1 1 b (CD1 lb h ^'), while the other population 

expressed little to no CDUb (GDI lb"'). Most of the cells from FL-supplemenLd BM 

?;n We n P r e f ° r CD11C (?6%) ' Wkh a PP roxlm ^ 50% expressing CD86 or 
rnnSS S E " preSS1 °" ° f 3301 ■ a mafker of marginal zone DC 21 , was restricted to the 
rn vr P ? T\? r ' U * ° f ^ expressed on half of the 

CD1 lb FL-denved cells from BALB/c cultures, but on only a low percentage (7%) of 
cells from C57BU6 cultures. In mice administered FL for 9 days at 10 mg/mouse/day 
we found that splenic derived CD1 lc* DC from C57BL/6 and BALB/c mice were 14% 
and 25% positive for Gr-1, respectively (data not shown). Thus, cells generated from FL- 
supplemented BM cultures from both C57BL/6 and BALB/c mice generate populations 
of cells that are phenotypically similar to DC subsets previously identified in lymphoid 
tissues of normal and FL-treated mice.- 115 

FL, but not SCF, supports in vitro DC development. Unfractionated BM cells generated 
DC ,n cultures only when the seeding density exceeded 5xl0 s /ml (data not shown) 
Therefore we investigated the role of endogenously produced soluble factor(s) in the 
generation of DC by using a transwell system that allows for the selective diffusion of 
soluble factors. BM cells at low cell density (2xl0 5 cells/ml in lower chamber) were 
cultured with increasing numbers of BM cells (upper chamber) in the presence or absence 
of FL or stem cell factor (SCF), the ligand for c-far which shares activities and structural 
homology to FL. 22 Regardless of the BM feeder cell density in the upper chamber cells 
cultured at low cell density in the lower chamber did not survive in the absence of 
exogenous cytokines (Fig 3). Inclusion of SCF in the cultures resulted in a 2-fold 
expansion of cells in the lower chamber, which was further increased when feeder cells 
were included in the upper chamber. However, fewer than 4% of the cells from the lower 
chamber, generated in the SCF-supplemented cultures, expressed CDllc or MHC Class 
II whereas 87% of the cells expressed high levels of Gr-1 and exhibited the morphology 
of immature granulocytes (data not shown). BM cells cultured at low density in FL- 
containing medium generated few cells when the BM feeder cells were excluded (25% of 
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he ,npu« number). However, (here was a linear dose response in the iteration of cells in 
to lower chamber when increasing numbers „F BM feeder cells ^ included in h o 

£to \r Tr7 " nP0 '' lanCe of CCH dC,,S,l >' '° r lh < P^««ion or soluble 
facto.(s) (Fig 3). Cells harvested from the lower chambers under these conditions 

expressed CDllc (85%) and MHC Cass 11 (70%). Thus, feeder Cell-derived st b 
l"oglous^ SUPPO,t ° C deVe, °P ment in Vilm Wh - « the sole growth factor added 

Bole of endogenous IL-6 in DC development from FL-supplemented BM cultures We 
investigated the role of endogenous soluble factors in DC development in FL- 
supplemenied cultures using neutralizing mAbs. Neutralizing mAbs against 1L-2 IL-3 
IL-4, IL-7, IL-1 1 IL-15, G-CSF, CSF-I and TGF-b w failed to inhibit DC development in 
vitro from FL-supplemented BM cultures (data not shown). Neutralizing mAbs against 
murine IL-6 inhibited approximately 70-80% of the DC development during 9 days of 
culture (Fig 4A). A similar effect was seen with neutralizing mAbs against the murine IL- 
6 receptor (1L-6R) and g P 130, both components of the IL-6 receptor complex (data not 
shown). In addition, FL-supplemented cultures of BM cells from IL-6 gene KO mice 
produced fewer cells, compared with normal BM, and as expected were not affected by 
the inclusion of the neutralizing antML-6 mAb (Fig 4B). Residual cells harvested from 
FL-supplemented cultures of BM from IL-6 gene KO mice, and control cultures where 
anti-IL-6 mAb was included still expressed CDllb, CDllc, CD86 and MHC Class II 
similar to control cultures (data not shown). BM cells cultured in recombinant murine IL- 
6 alone did not generate DC (data not shown). Lastly, polyclonal antibody against 
murine GM-CSF did not affect DC development in this culture system (Fig 4A) Thus 
IL-6 but not GM-CSF, is an important growth factor for DC development from FL- 
supplemented BM cultures. 

Kinetics of DC development in FL-supplemented BM cultures. Cells from FL- 
supplemented BM cultures were harvested periodically over an 11-day period counted 
and analyzed for cell-surface phenotype. Although the total cellularity was fairly constant 
over time (1-3x10* cells/well), there was a considerable change in the relative proportion 
of monocytic-myeloid and B-lymphoid cells, as assessed by flow cytometry (Fig 5) The 
number of cells expressing CD 19 (B cells) and Gr-1 (primarily granulocytes) declined 
over time, while there was a concomitant increase in cells expressing CD1 1c and MHC 
Class II. After 9 days of culture there were no detectable erythroid cells (TER-1 19 + ) T 
cells (CD3e + ) or NK cells (NK1.1+) present (data not shown). Significant numbers'of 
CDllc cells were not present until 5-7 days of culture, and CDllc expression closely 
correlated with development of MHC Class II expression. 

Activation of FL-de rived DC. Since the DC generated from FL-supplemented cultures 
expressed low levels of DC-associated molecules (Fig 2), we concluded that DC with an 
immature phenotype were being generated. We investigated whether these cells could be 
activated in vitro with cytokines or LPS. DC generated from FL-supplemented BM 
cultures were treated with 1 mg/ml E. coli-derived LPS, 1000 units/ml IFNa, or 10 ng/ml 
GM-CSF to assess morphological and phenotypic changes associated with activation. 
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LPS. IF-Na or GM-CSF were added to FL-supplcmcmcd DC cultures during the final M 

cSTs an' V ^ 1 The,e W " n ° Sl:,tlSl,Cal,y S,?mr — ^ * -'WarUv 'he 
cu u u S aUci 24 hQ Ql slimu|at . on wjlh Lps> lpNa or GM - 

Cultures supplemented w ilh FL alone contained small, lymphoicksizcd cells «rowT ,s 
s.ngle cell suspenses, although some cells grew in small dusters «20 ccE ^ 
Some of the edls also possessed short dendrites (Fig 6A). Cells ftom LPS- ^ 
d tls -ZZ ar§ei '' Sm **™«* (> 50 -Us/duster) that adhered to the plastic culture 
dishes and when separated by gentle pipettmg, exhibited long dendrites (Fig 6B) Cells 

lZ FNa 'T t£d CU ! tUreS alS ° lnCreaSed in Size and had extended dendrites but did not 
orm large adherent clusters (Fig 6C). FL-derived DC treated with GM-CSF for 24 hours 
formed large clusters and increased in sue. but few cells possessed long dendrites (Pi* 

with GM cT' 7 u°7™T PUrP °T' We gen£rared DC ln cultures supplemented 
with GM-CSF and IL-4 as described." BM cells cultured for 7 days In medium 

supplemented w.th 20 ng/ml GM-CSF and 20 ng/ml IL-4 conststed primarily of adherent 

giant-multinucleated cells and macrophage-like cells, and non-adherent cells consistine 

on monocytes and cells with dendriform bodtes. Only those cells in the non-adherent 

iraction were used to compare with FL-derived DC (Fig 6E). 

The cell-surface phenotype of activated DC from FL-supplemented cultures was assessed 
by flow cytometry. There was little change in expression of CDl lb or CD1 lc after 24- 
hour treatment of cultures with LPS, IFNa or GM-CSF; however, there were notable 
deferences in the expression of other cell-surface antigens. DC generated in FL alone did 
not express appreciable levels of CD25 (IL-2Ra), DEC205, CDld, or CD8a and 
relatively low levels of CD40, MHC Class II, CD86. and CD80 (Table 1 Fig 7A and 7B) 
LPS treatment resulted in the up-regulation of CD25, CD40 DEC205 MHC Class II 
CD86, CDS0, CDld, and CD8a (Table 1 Fig 7A and 7B). CDSa and DEC205 were 
expressed primarily by the CDl lb*"' population (Fig 7B). In contrast, expression of c-fnxs 
(CDl 15), the receptor for CSF-L decreased after LPS treatment (Table I). Similar to 
treatment with LPS, IFNa increased the expression of CD25 CD40 DEC205 MHC 
Class II CD86, CD80, CDld, and CDSa, and decreased expression of ' c-fms 
Surprisingly, although overnight treatment with GM-CSF resulted in up-regulation of 
CD40 and CD80, there was only a moderate increase in DEC205, MHC Class II, CD86 
and CDld (Table 1 and Fig 7A). In addition, unlike activation with LPS or IFNa GM- 
CSF-! nduced no increase of CDSa cell surface expression, yet c-fms expression increased 
lable 1). 33D1 expression was restricted to the myeloid DC subset and there was little 
change in expression after stimulation with LPS, IFNa, and GM-CSF (Fig 7B and data 
not shown). Interestingly, many DC from unactivated cultures (FL alone) constitutively 
co-expressed c-kit, as well as Sca-1 (Stem cell antigen/L y 6A/E), and the expression of 
both cell surface antigens increased upon activation with LPS or IFNa (Table 1) Both c- 
kit and Sca-1 are cell-surface antigens typically used in murine stem-cell purification 
protocols. 23 " 25 

For comparative purposes we generated DC using BM cultures supplemented with GM- 
CSF plus IL-4 as previously described. 16 Flow cytometric analysis showed that most of 
the cells constitutively expressed high levels CDl lb, CDHc, CD80, CD86 and MHC 
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• rm< Vr ?!k ° r lhC CdlS f,0m lheSC cultures als ° expressed CDId. 33DI 

CD25. CD40. DEC205. and Sea- 1, but not c-*/, nor CD8a ,Fi» 7C and Table .," Th e 
phenotype of GM-CSF plus lL-4-derived DC did not change significantly alter a 24 hour 
sumulauon with LPS. I FN a or TNFa as previously reported (13 and data not shown) 
Thus, unhkc DC generated in GM-CSF plus IL-4, cells generated in FL-supplemcnted 
BM cultures, when acttvated with LPS or IFNa overnight, express a phenotype similar to 
both lymphoid (CDIlb""'VCD8a + )- and myeloid (CD1 1 b^'/CD8a-)-t ypc DC found in 
lymphoid tissues. 

DC can be generated from flt3\ lineage-depleted BM cell progenitors. To address the 
question of whether DC generated from FL-supplemented BM cultures arise from 
preexisting DC or progenitor cells, the following experiment was performed Cells from 
the BM expressing flt3, a receptor found on lympho-hematopoietic progenitor cells 22 and 
lacking a number of lineage-specific markers (CD3e, CD lib, CD 11c, CD 122, B220 Gr- 
L NKl.l, TER119, F4-80, and Ly6c) were purified. This flt3 + , lineage-depleted 
population represented less than 0.3% of whole BM. Sorted cells were cultured in FL 
plus conditioned medium from cultured-spleen cells which has previously been described 
to contain an IL-6-like activity and could promote murine DC development in vitro 18 
After 8 days of culture, the cells were stimulated with LPS and harvested 24 hours later 
Addition of LPS was used to upregulate DC-associated markers as shown in figures 7A 
and 7B. Flow-cytometric analysis demonstrated two discrete populations as determined 
by levels of CDllb and CDllc (Fig 8). Similar to DC generated from whole BM 
cultured in FL and stimulated with LPS. most cells expressed high levels of MHC Class 
II, CD80, CD86, and CD40 (Fig 7A and 8). CD8a and 33D1 were expressed primarily by 
the CDllb du » and CD Mb"* populations, respectively (data not shown). Thus, both 
myeloid-and lymphoid-type DC, as assessed by phenotype, could be generated from 
hematopoietic progenitors using FL and the conditioned medium from spleen cells. 

FL-derived DC stimulate allogeneic T cell proliferation. DC from FL- or GM-CSF plus 
IL-4-supplemented BM cultures, as well as derived from the spleens of mice treated with 
FL for 10 days, were assayed for allo-stimulatory activity in an MLR assay. Each 
population of DC were approximately 75-80% positive for CDllc, and contained less 
than 1% contaminating T cells (data not shown). All populations of DC had potent allo- 
stimulatory activity, although those generated in vitro with FL alone had the least (Fig 9) 
BM cells cultured in FL, and stimulated for 24 hours with IFNa or LPS, had enhanced 
allo-stimulatory capacity over those in FL alone (approximately 10-fold, at 1000 
DC/well). DC generated in BM cultures supplemented with GM-CSF plus IL-4 were 
comparable in activity to DC derived from cultures supplemented with FL and activated 
with LPS. Splenic-derived DC consistently exhibited less activity than in vitro-derived 
DC. Thus, FL-derived DC activated with IFNa or LPS, which induced upregulation of 
MHC Class II and costimulatory molecules, resulted in potent allo-stimulatory activity to 
induce T cell proliferation in an MLR assay. 

Processing and presentation of OVA protein to OVA-speciftc CD4 T cells. We tested the 
capacity of both FL- and GM-CSF plus IL-4-derived DC to process OVA protein, and 
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present ,i , 0 OVA-spccific CD4^ T cells in vitro. T cells from DOI 1. 10 transonic mice 
express a ICRab specific lor the OVA peptide fragment 323-33U prcsenied nnl-A" MHC 
Class I molecules.-" OVA-specific CD4* T cells were enriched from spleen and LN of 
DOll.lO mice, and then cultured with either varying numbers of DC in a constant 
concentration ol OVA protein, or with constant numbers of DC with titrated OVA 
protein, and proliferation was measured after 5 days. DC were derived from in vitro 
cultures using FL (+/-LPS) or GM-CSF plus 1L-4, as well as enriched from the spleens of 
mice treated with FL for 10 days. All populations of DC were approximately 7^-76% 
positive for CDl lc and contained less than 1% contaminating T cells (data not shown) 
DC derived in vitro with FL, and stimulated with LPS during the final 8 hours of culture" 
demonstrated s.milar activity as those DC from cultures supplemented with FL alone at 
inducing T cell proliferation when either DC were titrated, and OVA protein remained 
constant (300 mg/ml), or when OVA protein was titrated and APC remained constant 
(Fig 10A and 10B). FL-derived DC stimulated with IFNa for 8 hours were also used and 
found to have similar activity to those stimulated with LPS (data not shown) When OVA 
protein was held constant, and APC were titrated, DC generated in vitro using GM-CSF 
plus IL-4 demonstrated similar activity as FL-derived DC. Additionally those DC 
generated in GM-CSF plus IL-4 were less stimulatory to T cells than FL-'derived DC 
when DC were held constant, and the OVA protein was titrated (Fig 10B) Splenic- 
derived DC enriched from the spleens of mice treated with FL for 10 days were also used 
for comparison, but found to be consistently less stimulatory to T cell proliferation when 
compared to the in vhro-derived DC. These data demonstrate that DC generated in vitro 
with FL or FL plus IFNa are competent at processing and presenting OVA protein to 
OVA pepUde-speeific CD4- T cells, and were comparable to those DC generated in 
cultures supplemented with GM-CSF and IL-4. 

IL-12 production is restricted to the lymphoid-type DCs. Among the most profound 
functional differences between myeloid- and lymphoid-type DCs is IL-12 production 
wh.ch is limited to the lymphoid subset. 26 " 2 * We asked whether sorted DCs generated in 
vitro from FL-supplemented cultures could produce IL-12 P 70, and if so would it be 
restricted to the CDl lb"" 1 ' lymphoid DC subset. Sorted DC subsets using the gates as 
shown in figure 7B, were cultured for 40 hours in the presence of SAC (pansorbin), GM- 
CSF and IFNg. Lymphoid-type DC generated from FL-supplemented BM cultures made 
10-fold more IL-12 p70 than their myeloid DC counterparts (Table 2). No detectable IL- 
12 p70 was produced from unstimulated DC (data not shown). 
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Discussion 

Here we describe a novel culture system 10 generate murine DC with ccll-^rfacc anti-en 
expression and functional phenotype similar to those of DC residing in i ymphoid lissu ° cs 
This culture system requires the addition of a single growth factor FL whereas 'a 
structurally and functionally related growth factor, SCF, promotes the generation' of 
immature granulocytes (Fig 3 and data not shown). Maximal DC numbers are achieved 
after 9-10 days of culture (Fig 5), which is similar to the kinetics of FL-induced DC 
expanston in vivo.- 1 The cell density dependence of this culture system suggests the 
involvement of endogenous factor(s) as well. Rasko et aF have demonstrated the cell 
density dependence of murine BM cells to form colonies in response to FL alone, which 
suggests the presence of endogenous factors. Addition of neutralizing mAb to IL-2 IL-3 
IL-4, 1L-7, IL-1 1, IL-15, CSF-1, G-CSF, GM-CSF, or TGF-b lo to the FL-supplemented 
BM cultures does not inhibit DC development, whereas neutralizing anti-IL-6 mAb 
significantly decreases DC yields, and BM cultures from IL-6 gene KO mice generate 
fewer DC than the wild-type cultures (Fig 4). Additionally, neutralizing mAb to IL-6R 
and g P 130 are inhibitory (data not shown). Interestingly, residual cells harvested from 
cultures where neutralizing anti-IL-6 or IL-6R mAb were included had similar cell- 
surface marker expression for CD lib, CD 11c, CD86, and MHC Class II (data not 
shown). This suggests that IL-6 acts as a DC-prolifcralive factor, and is not necessary for 
DC differentiation in this in vitro culture system. These findings are consistent with 
results from previous studies demonstrating a role for IL-6 in DC development. Human 
CD34 + progenitors driven towards DC development with GM-CSF, SCF and TNFa 
produce IL-6 in vitro and require IL-6 for optimal DC expansion. 10 In addition, a recently 
described culture system for the generation of murine DC from cultured spleen cells also 
exhibited an IL-6-like activity. 18 More recent data from our lab suggest that the IL-6 
activity comes from the lineage negative population in BM (data not shown). This would 
be consistent with a previous report demonstrating lineage negative progenitor cells from 
murine BM cells as a source of IL-6. 31 The mechanisms by which IL-6, and perhaps other 
gpl30-stimulating growth factors like IL-1 1. LIF and Oncostatin-M, affect DC 
development in vivo remains to be determined. 

GM-CSF has the capacity to induce both DC development from precursor cells, as well 
as activation of DC in vitro and in vivo. 5 5 " "- 43 In the present study, GM-CSF was not 
required for DC generation from mouse BM in vitro (Fig 4), which is similar to a 
previous report that anti-GM-CSF mAb does not inhibit DC generation from murine 
thymic precursors cultured in a cytokine cocktail (TNFa, IL-Ib, IL-7, SCF and IL-3). 14 
Lymphoid tissues from GM-CSF gene KO mice have normal DC numbers*; however, 
these mice exhibit a defect in antigen-specific T cell and B cell activation at the level of 
the APC, which could be rectified by an injection of exogenous GM-CSF with the 
immunogen. 9 Taken together, this suggests that the role of GM-CSF in acquired 
immunity may lie at the level of DC activation, survival, and/or migration to lymphoid 
tissues, rather than DC development. 

We have demonstrated that as little as 24 hours exposure to GM-CSF caused these 
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immature DC to cluster, and uprcgulaie expression of CD40 and CD80 but there was 
S ?,^ 1 ™ M "F C-s II. C086. and other DC-associated a u ^ Z 
: «nd I able I ). Optimal stimulation of FL-dcrivcd DC with GM-CSF may require longer 

nC d U , bat, ° n Per,OC, :.° r lhC addition of o*cr Pro-innatnmatory cytokines LPS and IFNa 
had more potent cllects, including increased expression of cell surface aniens xp r ssed 
on mature DC from lymphoid tissues and important for DC function (i e MHCG^ 

effects can be elicited tn m.ee within 6 hours of LPS injection, and this is accompanied 
by DC migration from the marginal zones to the T-cell areas of spleen." IFNa has also 
been described as a potent DC activator,-- IFNa, induced maturation of human DC 
generated m GM-CSF, TNFa, and IL-4 under serum free conditions." Other cell-surface 
antigens, such as CDSa, CD25. Sca-1 and c-ki,, whose function in DC biology is unclear 
were also up-regulated by LPS and IFNa using the FL-based culture system (Fig 7A 7B 
and Table 1). v & 1 

CDSa + DC are found in murine thymus, spleen and peripheral LN. IS We found that 
stimulation of immature DC with LPS or IFNa, but not GM-CSF, resulted in upregulation 
of CD8a, and this is the first report of in vitro-derived murine DC expressing this 
molecule (Fig 7B, and Table 1). A recent report has described CDSa upregulation on 
murine skin-derived Langerhan cells induced by culturing cells in GM-CSF plus 
CD40L. Surprisingly though, these cells also expressed CD8b which we do not find on 
the BM-denved DC (data not shown). We also found that TNFa induced potent DC 
maturation by upregulating MHC Class II, CD80, and CD86, but not CDSa (data not 
Shown). This may explain why investigators culturing murine DC from thymic 
precursors m the lymphoid cocktail, which contains TNFa, but not IFNa, found no CDSa 
expression, 1 " 

LPS and IFNa down regulated receptor c-fins expression (Table 1). The down regulation 
of this receptor for CSF-1 has been previously reported on human DC. 4, « The results of 
Olweus et al suggest that CD34 + /CD123 W " human DC progenitors are derived from the 
granulomonocytic pathway since this population initially expresses c-fins, and 
differentiates to CDlaVc->ir DC after culture for 5 days in IL-3 plus GM-CSF. 42 

The co-expression of both c-kit and Sca-1 following activation of DC is a novel 
observation (Table 1). Both of these cell-surface antigens have been previously described 
to be expressed on lymphoid tissue DC 1 "^, but never together in the same report 
Murine hematopoietic stem cells from C57BL/6 mice are described as lineage marker 
negative (such as B220, Gr-1, CDllb. CD3e, and NK1.1) and positive for Sca-1 and c- 
ku. ■ We found that after stimulation using LPS or IFNa, nearly all DC expressed high 
levels of both Sca-1 and c-kii, and this included the CDllb dul1 lymphoid-type DC subset 
Therefore, some activated DC have the same phenotype as described for stem cells from 
C57BL/6 mice. As a result of this observation, we recommend that investigators 
purifying stem cells from C57BL/6 mice include DC-specific cell surface antigens 
(CD1 1c and MHC Class II) for complete lineage depletion. 
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Wc have also shown tha,, similar u, FL- t ,eatecl mice, both lymphoid- and myeloid-lype 
DC as dchned by phenotype. arc generated when BM is cu.Uned in vi.ro X h FL S 
Myclo.d-type DCs arc charactered as GDI lb—. GDI |c, 3 3D|- and CDSa whcre.s 
lympho.d-typc DC arc CD lib- CDI |f. 33DI'. and CD8a>. The 33D. ant 'en v ch 
was ungmally desenbed as a marker of ccl.s wiihin the marginal zones- w s & xp ls cd 
exclusively by the CDllb^' ccl.s (Fig 2 and 7B). Pu.endran et al P cv o 1 

f— f r l 01 r reSmCled " thC ^ e,0id -^ DC subset that wer/ n^ed 
m the spleens of mice after administration of FL. 2 * Conversely, we found that there was 

° n thC CD1 lb ' ^ ^ some of L population did' 

ch« w ^ aCtlVatl ° n ( WUh LPS and IFNa (Fl § 7A < 7B > Tabic 1 and data not 

shown) In addition, both GDI lb- and GDI lb"** subsets were generated from flt3+ 

! ' n ^: d f ed BM cells cultured in FL plus conditioned medium from cultured spleen 
cells (rig a). 

One of the pressing issues in murine DC development is whether myeloid- and lymphoid- 
type DC represent separate lineages. Numerous studies have addressed this issue by 
culturmg progenitors in combinations of cytokines excluding GM-CSF or by injecting 
defined progenitors directly into mice.™* However, more recent reports have indicated 
that thymic- and splenic-derived lymphoid-type DC development is not associated with T 
cell development since Notch I KOs or mice deficient in both c-kit and IL-2Rg chain 
have thymic DCs, but no T cells, nor detectable T cell progenitors." 1 ' 49 We have not yec 
been able to demonstrate that only one type of DC could be generated in the above 
culture us.ng whole BM or highly purified progenitors, and in addition, we find both 
types are typically generated at ratio of 1:1 (Fig 8). This suggests that lymphoid- and 
myeloid-type DC progenitors are at an equal frequency, and require the same cytokines 
for development, or that development of a common progenitor into a lymphoid- or 
myeloid-type DC is a stochastic process. 

DC generated in vitro from BM supplemented with FL and stimulated with LPS had 
similar allo-stimulatory activity in a MLR assay as those DC generated in GM-CSF plus 
1L-4 (Fig 9). In addition, those DC generated in FL plus IFNa or LPS had comparable 
activity to GM-CSF plus lL-4-derived DC to stimulate OVA-s P ecif,c T cells to 
prohferate (Fig 10A and 10B, and data not shown). Surprisingly, DC generated in vitro 
with FL alone were just as active as those DC stimulated with IFNa. This may be a result 
of the DC becoming activated by the low levels of endotoxin that contaminate OVA 
protem (data not shown). We have found that as little as 50 pg/ml of E. coli-derived LPS 
would activate these DC to upregulate MHC Class II and other DC-associated markers 
(data not shown). Although we have found that FL and GM-CSF-derived DC 
demonstrate similar functional activity in the assays we employed, there were subtle 
phenotypic and morphological differences. Most notably, the DC generated in GM-CSF 
plus IL-4 were larger, have a higher level of autoflouresence, were constitutively 
activated (surface expression of MHC Class II, CD80, CD86, CD Id, and CD40), and 
lacked expression of c-kit and CD8a (Fig 7A, 7B, and Table 1). 

Lastly, to address whether lymphoid-type DC generated from FL-supplemented BM 
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cultures represent those found in lymphoid tissues, we stimulated both DC subsets to 
produce I L^ 2 which has been described ,o be restricted to ,hc lymphoid-type subset as 
dciined by CD I I b expression-" or CDSu expression-™. Administration of LPS or soluble 
Toxoplasma S o,ulit tachysoitc extract to mice results in production of Il.-P p 40 by DC 

nSr^^f "T. ° f SP ' ee,l! theSC CCHS COtx P rcss CDIIc, CD8a and 
n ,n ™ u L ° "ymphoid-rype DC from BM cultures produced 10-fold more 

u u P I « " m y e,old4 yP e counterparts (Table 2). In addition, these data suggest 

that the differences in 1L-12 production by DC is intrinsic to the subset, and not a result 
ot the m.croenvironment from which the DC were derived. Surprisingly the GM-CSF 
plus IL-4-dcnved DC, which are considered to represent myeloid-type DC make IL-I2 
p70 (>1000 pg/ml) in response to LPS alone (data not shown and ref. H) However it 
has not been demonstrated that these in vitro-derived myeloid-type DCs represent the 
myeloid-DC subset found in lymphoid tissues in vivo. 

The culture system described in this report will be useful for our understanding of DC 
development for their potential use as adjuvants for both infectious disease and in tumor 
biology. 
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Marker No addition FL + LPS FL + IFNa ~~Fl 



^ alonc ) ' ' + GM-CSF 



GM-CSF 



—~ v>~~»»w + GM-CSF + IL-4 

CD25 01 47 10 I n 

CD,d 4 54 13 n 

CD40 IS 92 8Q 45 -1 



DEC205 3 27 



H 10 37 



CD8a ? 45 20 4 0 
F4/S0 26 24 14 24 13 
Ly6C 16 24 42 20 NE 
Sea- 1 61 92 95 69 17 
c-kit 69 91 100 57 2 
17 4 6 



35 ND 



Cultures were established with BM cells cultured in FL for 9 days or GM-CSF plus IL-4 
for 7 days from C57BL/6 mice as described in Materials and Methods LPS IFNa or 
GM-CSF were added to FL-supplemenred cultures on the eighth day of culture and 'the 
cells were harvested 24 hours later for flow-cytomctric analysis. Numbers are percent 
positive, after subtraction of background using the appropriate isotype controls as 
described in Materials and Methods. Detection of the above antigens was performed by 
flow cytometric analysis a minimum of 3 times, each time giving similar results 
1, % positive. 
ND, not determined. 
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1^lc^ir J: l^p7J)^rn^ctj(^byfny eloid.and l^phoid-typc DC 

_P2Eyiaiion_ ___ 

mycloid-type DC ^]±I5 



, lymphoid-typc D C 3 , - 7±46 

DC were generated from FL-supplcmented BALB/c BM cuku7 cs as "described in 

s^ed tl ^ S ""It WCrC harVCSted aft£r 9 d3yS ° f CLI,lUre ln FL ^nc. then 
orted for myeloid-lypc and lymphoid-typc DCs using CD! lb and CDl lc to delineate 

these populations (same gates used in figure 7B). Sorted DC were then cultured in CM 
supplemented with GM-CSF, iFNg and SAC for 40 hours at a cell density of lxlO'/ml 
Supcmatants were assayed for murine IL-12 P 70 using an ELISA kit. Results are the ' 
average ± S.D. of 3 separate experiments. 



22 



07/24/00 MON 08:54 FAX 206 233 0644 IMMUNE! CORPORATION @030 



Figure Legends 



Fig I. Phase-contrast view or FL-supplemented C57BL/6-derivcd BM cultures after 
9 days of culture. Note the refractile, nonadherent cells growing on the sparse 
macrophage-like cell layer. 

Fig 2. Flow-cytometric analysis of cells generated in FL supplemented BM BM 
cells from cultures from C57BL/6 or BALB/c mice were cultured at 1x10 s cells/ml in 
FL for 9 days (see Materials and Methods). Gates were determined using isotype 
controls. Analyses were performed a minimum of three times for each marker. 

Fig 3. Cell output from FL versus SCF-supplemented low cell density BM cultures 
in the presence of titrated BM cells using transwell plates. BM cells at low density 
(2xl0 5 /ml) were cultured in the lower chambers of transwell plates, separated by a 
0.4 mm filter from the titrated feeder cells in the upper chambers. Cells in the 
upper and lower chambers were cultured in either culture medium alone (n), 100 
ng/ml of FL (s), or 100 ng/ml SCF (1) for 10 days, then harvested from the lower 
chamber, counted, and analyzed for expression of cell-surface antigens by flow 
cytometry. 

Fig 4. DC development from BM cells cultured in FL requires endogenous IL-6, but 
not GM-CSF. (A) C57BL/6 BM cells were cultured in FL plus anti-mIL-6 mAb, 
anti-mGM-CSF mAb, or control antibodies for 9 days as described in Materials and' 
Methods. Replicate wells (n=3) were harvested and scored for cellularity. (B) 
C57BL/6 or IL-6 gene KO BM cells were cultured in FL plus anti-mIL-6 or control 
mAb for 9 days as described in Materials and Methods. Replicate wells (n=3) were 
harvested and scored for cellularity and results presented as mean + SD. Each 
experiment was performed a minimum of 3 times. *Significantly different from 
normal BM cells cultured in FL plus Rat mAb isotype control (P<.05). 

Fig 5. Kinetics of DC development from FL-supplemented C57BL/6 BM cultures. 
BM cells were cultured in FL at 1x10* cells/ml, and on days 3, 5, 7, 9 and 11 of 
culture, were harvested for enumeration of cells and analyzed for the expression of 
Gr-1 (s), CD19 (u), CDllc (n), and MHC Class II (I). Results are presented as the 
mean ± SD from three separate experiments. Day 0 data were generated from 
freshly isolated BM cells. Gates for flow-cytometric analysis were determined using 
isotype controls as described in Materials and Methods. Analysis was performed a 
minimum of 3 times for each cell surface marker. 

Fig 6. Morphology of cells generated from FL-supplemented BM cultures. BM cells 
from C57BL/6 mice were cultured in (A) FL alone for 9 days, or stimulated for the 
final 24 hours of culture with the addition of (B) LPS, (C) IFNa, (D) or GM-CSF. 
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(E) "Myeloid" DC from BM cells cultured in GM-CSF and IL-4 for 7 days. Cells 
were harvested and cvtospins prepared. Cytospun cells were photographed at 400x 
magnification. 

Fig 7. Flow-cytometric analysis of activated BM-derived DC (A) FL-supplementcd 
BM cells from C57BL/6 mice were cultured for 9 days, and stimulated with either 
LPS, IFNa, or GM-CSF during the last 24 hours of culture. (B) 3-color analysis of 
FL-derived (+/- LPS) DC using CDIlb and CDllc to define myeloid- and lymphoid- 
type DC. (C) DC generated in BM cultures supplemented with GM-CSF and IL-4 
for 7 days. Gates were determined using isotype controls as described in Materials 
and Methods. Results shown are representative of >5 experiments. 

Fig 8. Flow-cytometric analysis of flt37Iineage-derived DC. Flt371ineage- cells were 
sorted from BM and cultured for 9 days in 200 ng/ml FL plus conditioned media 
from spleen cells. LPS at 1 mg/ml was added during the last 24 hours to induce 
maturation. Gates were determined using isotype controls as described in Materials 
and Methods. Results shown are representative of 5 experiments. 

Fig 9. Comparison of allo-stimulatory activity of FL and GM-CSF plus IL-4- 
derived DC. DC were enriched from spleens of mice treated with FL, and generated 
from the BM of C57BL/6 mice cultured in GM-CSF plus IL-4 or FL, as described in 
Material and Methods. Splenic-derived DC from mice treated with FL for 10 days 
(□), BM-derived DC from cultures using GM-CSF and IL-4 (I), FL alone (s), FL 
plus IFNa (u, and dashes), or FL plus LPS (n) were cultured at various numbers in 
the presence of a constant number (lxlOVwell) of T cells from DBA/2 mice for 4 
days. Alamar blue was added for another 24 hours before measuring optical density 
(O.D.). DBA/2 T cells alone gave a mean O.D. of -0.044 ± 0.031. Background Q.D. 
from DC alone was subtracted from DC with T cells. 

Fig 10. Comparison of antigen processing and presentation by DC generated from 
FL- or GM-CSF plus IL-4-supplemented BM cultures. (A) Splenic-derived DC from 
mice treated with FL for 10 days (n), BM-derived DC from cultures using GM-CSF 
and IL-4 (1), FL alone (s, and dashes), or FL plus LPS (u),werc cultured with 
constant OVA protein (300 mg/ml) and lxlOVwell OVA-specific D011.10 T cells. (B) 
DC and T cells were cultured at constant concentrations (2x10" DC/well), and OVA 
protein was titrated. T-cell proliferation was measured on day 5 for both assays. 
Background counts from OVA-specific T cells cultured without DC in OVA protein 
(300 mg/ml) were <4000 cpm, and T cells without OVA protein and with DC (2x10" 
DC/well) were <1000 cpm. Background counts from DC alone were <1000 cpm. 
Data represented is the mean ± SD of triplicate wells, and was performed 5 times. 
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